ing, which leads to prolonged ICU and hospital stay.
Also, functional disability from muscle weakness leads to worse long-term outcomes such as quality of life, postintensive care syndrome and survival [4, 5] .
Recently, early physical rehabilitation in ICU has been advocated as an effective measure to facilitate early recovery and to prevent functional disability after critical illness [6, 7] . There are many technologies suggested for rehabilitation of the critically ill patients [8] . Among the technologies used for the critically ill population, there is a rising interest in functional electrical stimulation (FES) and in-bed cycling because both techniques do not require voluntary movements of the patients [9] [10] [11] [12] . FES and early physical rehabilitation are known to prevent ICUAW and to preserve muscle mass, but there is no study that investigates their effects on muscle strength and mass.
Therefore, the aim of this study was to investigate if FES and in-bed cycling have positive effects on muscle mass in mechanically ventilated patients. We also compared the effects of cycling alone and cycling with FES.
MaterIals and Methods

Data Collection
This study was conducted at Severance Hospital, Seoul, Republic of Korea. This study protocol was approved by the Institutional Review Board (IRB No. 2016-2447-004). Patients aged 20 years or older who were admitted to the ICU and those who required mechanical ventilation for at least 24 hours were enrolled in the study after getting informed consent. The experiment day was the first day of rehabilitation treatment after weaning from mechanical ventilation. We screened patients who had no previous history of rehabilitation prior to registration.
Patients were excluded if they were hemodynamically unstable, unable to cooperate, unable to obey to verbal command, and had wound or injury on the legs.
Study Protocol
After the patients' consent, both leg thigh circumfer- Since ICU patients' level of physical strength may vary throughout their exercise, we will allow patients to cycle at a self-selected RPM and will not change the resistance. Resistance was kept stable or downgraded if there was over 10% change in heart rate or blood pressure and desaturation less than 95%.
Functional electrical stimulation
After in-bed cycling, there was a 10-minute rest period before FES was applied for 20 minutes on the left thigh 
Data Analysis
Statistical analysis was performed using IBM SPSS 
results
This study was discontinued after 10 patients were enrolled; the primary analysis showed statistically significant differences. General characteristics of the study , P = 0.008) ( Table 2 ).
The thigh circumference was also increased and statistically significant (preintervention vs. postintervention, 47.43 ± 5.79 cm vs. 48.24 ± 5.56 cm; P = 0.006) ( Table 2 ).
There is no significant change in muscle strength before and after in-bed cycling and FES (McNemar test; right and left, P = 0.317 and P = 0.368, respectively) ( Table 2 ).
The increment of the left thigh circumference and rectus femoris CSA were not different from that of the right leg, which meant that FES may not show additive effect on muscle mass comparing to cycling only (Table 3) . 
dIscussIon
This study showed that rehabilitation course composed of in-bed cycling in ICU patients leads to acute increase of lower limb muscle mass measured by ultrasound. We expected synergies when additional FES was applied;
there was no significant difference according to FES application. Only in-bed cycling was applied on the right leg and cycling followed by FES on the left leg, which revealed that there was no additive effect of FES to cycling compared to cycling alone.
The onset of ICUAW is known to be unexpectedly fast.
It is reported that muscle fiber atrophy and weakness starts just after 4 hours of bed rest, and 10% of muscle atrophy is expected with 1 week of immobilization [13] .
ICUAW is also associated with short-and long-term outcomes in critically ill patients. From the short-term outcome standpoint, a few studies have demonstrated that weakness is an independent predictor of prolonged mechanical ventilation. There was an observational study that evaluated ICUAW in septic patients receiving ventilation for more than a week [14] . Patients without electro-physiologic evidence of ICUAW had a shorter duration of mechanical ventilation than patients with ICUAW.
Also, the patients with ICUAW were associated with an increased length of ICU and hospital stay. ICUAW is related to acute mortality in critically ill patients. Leijten et al. [15] performed a cohort study of 50 patients receiving ventilation for at least 7 days, and demonstrated that patients diagnosed with ICUAW electrophysiologically showed higher ICU mortality (48% vs. 19%, P = 0.03).
To minimize the adverse effects of ICUAW due to immobility, early physical activity and rehabilitation have been advocated among many intensivists. Griffiths et al.
[16] performed an interesting study. They enrolled five critically ill patients who required muscle relaxants for at least 7 days due to ventilation. They applied passive exercise to one leg for 3 hours daily and the other leg There are several limitations in this study. The major limitation of this study is that we investigated temporary change of muscle mass in this study. There was a cohort study of septic patients who received daily 1-hour course of FES for 7 days, and the authors reported no changes in muscle mass was noticed with electrical stimulations [9] .
When considering why FES does not affect muscle mass, it is important to keep in mind that the number of times FES is applied or the degree of electrical stimulation may not be sufficient to change the amount of muscle. This study measured muscle CSA directly after the exercise and FES, therefore, temporary increase of perfusion and muscle mass was reflected in ultrasound measurement.
Further long-term follow-up considering the effect of inbed cycling and FES are needed.
Another weak point of this study is that we enrolled very heterogeneous and a relatively small number of the patients. Although the initial study design intended to recruit up to 30 patients, interim analysis revealed statistical significance with enrollment of 10 patients. In addition, many studies we referred to in this study included a relatively small number of patients up to 20 patients, identifying statistical differences [13, 16] . In addition, although we chose MRC score because manual muscle testing is reliable for longitudinal and comprehensive assessment of strength for trained research staff [19] , subjective aspect of the MRC score could be an uncontrolled limited factor. Further research is needed using objective muscle strength measurement tools such as the handgrip dynamometer to determine the muscle strength of the critically ill patients.
In conclusion, this study confirmed that short-term inbed cycling has an effect of increasing muscle mass, but it did not reveal synergistic effects of FES use with inbed cycling. Long-term effect of cycling and FES needs further investigation.
